Search for eta(b) in two-photon collisions at LEP II with the DELPHI detector by Abdallah, J. et al.
VU Research Portal
Search for eta(b) in two-photon collisions at LEP II with the DELPHI detector





DOI (link to publisher)
10.1016/j.physletb.2006.01.058
document version
Publisher's PDF, also known as Version of record
Link to publication in VU Research Portal
citation for published version (APA)
Abdallah, J., Blom, M. R., Drees, J., Palacios, J., van der Pol, M., Siebel, M., van Dam, P., & Zupan, M. (2006).
Search for eta(b) in two-photon collisions at LEP II with the DELPHI detector. Physics Letters B, 634(4), 340-
346. https://doi.org/10.1016/j.physletb.2006.01.058
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
E-mail address:
vuresearchportal.ub@vu.nl
Download date: 27. May. 2021
b
r
Physics Letters B 634 (2006) 340–346
www.elsevier.com/locate/physlet
Search forηb in two-photon collisions at LEP II with the DELPHI detecto
DELPHI Collaboration
J. Abdallahac, P. Abreuz, W. Adambf, P. Adzico, T. Albrechtu, T. Alderweireldb,c,d,
R. Alemany-Fernandezl, T. Allmendingeru, P.P. Allportaa, U. Amaldiag, N. Amapaneay, S. Amatobc,
E. Anashkinan, A. Andreazzaaf, S. Andringaz, N. Anjosz, P. Antilogusac, W.-D. Apelu, Y. Arnoudr,
S. Askad, B. Asmanax, J.E. Augustinac, A. Augustinusl, P. Baillonl, A. Ballestreroaz, P. Bambadex,
R. Barbierae, D. Bardint, G.J. Barkeru, A. Baroncelliaq, M. Battaglial, M. Baubillierac,
K.-H. Becksbh, M. Begallih,i,j , A. Behrmannbh, E. Ben-Haimx, N. Benekosaj, A. Benvenutig,
C. Beratr, M. Berggrenac, L. Berntzonax, D. Bertrandb,c,d, M. Besanconar, N. Bessonar, D. Blochm,
M. Blom ai, M. Bluj bg, M. Bonesiniag, M. Boonekampar, P.S.L. Boothaa, G. Borisovy, O. Botnerbd,
B. Bouquetx, T.J.V. Bowcockaa, I. Boykot, M. Brackoau,av,aw, R. Brennerbd, E. Brodetam,
P. Bruckmanv, J.M. Brunetk, P. Buschmannbh, M. Calvi ag, T. Camporesil, V. Canaleap, F. Carenal,
N. Castroz, F. Cavallog, M. Chapkinat, Ph. Charpentierl, P. Checchiaan, R. Chiericil,
P. Chliapnikovat, J. Chudobal, S.U. Chungl, K. Cieslikv, P. Collinsl, R. Contriq, G. Cosmex,
F. Cossuttiba,bb, M.J. Costabe, D. Crennellao, J. Cuevasal, J. D’Hondtb,c,d, J. Dalmauax, T. da Silvabc,
W. Da Silvaac, G. Della Riccaba,bb, A. De Angelisba,bb, W. De Boeru, C. De Clercqb,c,d,
B. De Lottoba,bb, N. De Mariaay, A. De Minan, L. de Paulabc, L. Di Ciaccioap, A. Di Simoneaq,
K. Dorobabg, J. Dreesbh,l , G. Eigenf, T. Ekelofbd, M. Ellert bd, M. Elsingl, M.C. Espirito Santoz,
G. Fanourakiso, D. Fassouliotiso,e, M. Feindtu, J. Fernandezas, A. Ferrerbe, F. Ferroq,
U. Flagmeyerbh, H. Foethl, E. Fokitisaj, F. Fulda-Quenzerx, J. Fusterbe, M. Gandelmanbc,
C. Garciabe, Ph. Gavilletl, E. Gazisaj, R. Gokielil,bg, B. Golobau,av,aw, G. Gomez-Ceballosas,
P. Goncalvesz, E. Grazianiaq, G. Grosdidierx, K. Grzelakbg, J. Guyao, C. Haagu, A. Hallgrenbd,
K. Hamacherbh, K. Hamiltonam, S. Haugak, F. Hauleru, V. Hedbergad, M. Henneckeu, H. Herrl,,
J. Hoffmanbg, S.-O. Holmgrenax, P.J. Holtl, M.A. Houldenaa, K. Hultqvistax, J.N. Jacksonaa,
G. Jarlskogad, P. Jarryar, D. Jeansam, E.K. Johanssonax, P.D. Johanssonax, P. Jonssonae, C. Joraml,
L. Jungermannu, F. Kapustaac, S. Katsanevasae, E. Katsoufisaj, G. Kernelau,av,aw,
B.P. Kersevanl,au,av,aw, U. Kerzelu, B.T. Kingaa, N.J. Kjaerl, P. Kluit ai, P. Kokkiniaso,
C. Kourkoumelise, O. Kouznetsovt, Z. Krumsteint, M. Kucharczykv, J. Lamsaa, G. Lederbf,
F. Ledroitr, L. Leinonenax, R. Leitnerah, J. Lemonneb,c,d, V. Lepeltierx, T. Lesiakv, W. Liebigbh,
D. Liko bf, A. Lipniackaax, J.H. Lopesbc, J.M. Lopezal, D. Loukaso, P. Lutzar, L. Lyonsam,
J. MacNaughtonbf, A. Malekbh, S. Maltezosaj, F. Mandlbf, J. Marcoas, R. Marcoas, B. Marechalbc,
M. Margonian, J.-C. Marinl, C. Mariottil , A. Markouo, C. Martinez-Riveroas, J. Masikp,
N. Mastroyiannopouloso, F. Matorrasas, C. Matteuzziag, F. Mazzucatoan, M. Mazzucatoan,
R. McNultyaa, C. Meroniaf, E. Miglioreay, W. Mitaroff bf, U. Mjoernmarkad, T. Moaax, M. Mochu,
K. Moenigl,n, R. Mongeq, J. Montenegroai, D. Moraesbc, S. Morenoz, P. Morettiniq, U. Muellerbh,
K. Muenichbh, M. Muldersai, L. Mundimh,i,j , W. Murrayao, B. Murynw, G. Myattam,
T. Myklebustak, M. Nassiakouo, F. Navarriag, K. Nawrockibg, R. Nicolaidouar, M. Nikolenkot,m,0370-2693/$ – see front matter 2006 Published by Elsevier B.V.
doi:10.1016/j.physletb.2006.01.058
DELPHI Collaboration / Physics Letters B 634 (2006) 340–346 341A. Oblakowska-Muchaw, V. Obraztsovat, A. Olshevskit, A. Onofrez, R. Oravas, K. Osterbergs,
A. Ouraouar, A. Oyangurenbe, M. Paganoniag, S. Paianog, J.P. Palaciosaa, H. Palkav,
Th.D. Papadopoulouaj, L. Papel, C. Parkesab, F. Parodiq, U. Parzefalll, A. Passeriaq, O. Passonbh,
L. Peraltaz, V. Perepelitsabe, A. Perrottag, A. Petroliniq, J. Piedraas, L. Pieriaq, F. Pierrear,
M. Pimentaz, E. Piottol, T. Podobnikau,av,aw, V. Poireaul, M.E. Polh,i,j , G. Polokv, V. Pozdniakovt,
N. Pukhaevab,c,d,t, A. Pulliaag, J. Ramesp, A. Readak, P. Rebecchil, J. Rehnu, D. Reidai,
R. Reinhardtbh, P. Rentonam, F. Richardx, J. Ridkyp, M. Riveroas, D. Rodriguezas, A. Romeroay,
P. Ronchesean, P. Roudeaux, T. Rovellig, V. Ruhlmann-Kleiderar, D. Ryabtchikovat, A. Sadovskyt,
L. Salmis, J. Saltbe, C. Sanderu, A. Savoy-Navarroac, U. Schwickerathl, A. Segaram,, R. Sekulinao,
M. Siebelbh, A. Sisakiant, G. Smadjaae, O. Smirnovaad, A. Sokolovat, A. Sopczaky,
R. Sosnowskibg, T. Spassovl, M. Stanitzkiu, A. Stocchix,∗, J. Straussbf, B. Stuguf,
M. Szczekowskibg, M. Szeptyckabg, T. Szumlakw, T. Tabarelliag, A.C. Taffardaa, F. Tegenfeldtbd,
J. Timmermansai, L. Tkatchevt, M. Tobinaa, S. Todorovovap, B. Tomez, A. Tonazzoag, P. Tortosabe,
P. Travnicekp, D. Treillel, G. Tristramk, M. Trochimczukbg, C. Tronconaf, M.-L. Turluerar,
I.A. Tyapkint, P. Tyapkint, S. Tzamariaso, V. Uvarovat, G. Valentig, P. Van Damai, J. Van Eldikl,
N. van Remortels, I. Van Vulpenl, G. Vegniaf, F. Velosoz, W. Venusao, P. Verdierae, V. Verzi ap,
D. Vilanovaar, L. Vitaleba,bb, V. Vrbap, H. Wahlenbh, A.J. Washbrookaa, C. Weiseru, D. Wickel,
J. Wickensb,c,d, G. Wilkinsonam, M. Winterm, M. Witek v, O. Yushchenkoat, A. Zalewskav,
P. Zalewskibg, D. Zavrtanikau,av,aw, V. Zhuravlovt, N.I. Zimin t, A. Zintchenkot, M. Zupano
a Department of Physics and Astronomy, Iowa State University, Ames, IA 50011-3160, USA
b Physics Department, Universiteit Antwerpen, Universiteitsplein 1, B-2610 Antwerpen, Belgium
c IIHE, ULB-VUB, Pleinlaan 2, B-1050 Brussels, Belgium
d Faculté des Sciences, Univ. de l’Etat Mons, Av. Maistriau 19, B-7000 Mons, Belgium
e Physics Laboratory, University of Athens, Solonos Str. 104, GR-10680 Athens, Greece
f Department of Physics, University of Bergen, Allégaten 55, NO-5007 Bergen, Norway
g Dipartimento di Fisica, Università di Bologna and INFN, Via Irnerio 46, I-40126 Bologna, Italy
h Centro Brasileiro de Pesquisas Físicas, rua Xavier Sigaud 150, BR-22290 Rio de Janeiro, Brazil
i Depto. de Física, Pont. Univ. Católica, CP 38071 BR-22453 Rio de Janeiro, Brazil
j Inst. de Física, Univ. Estadual do Rio de Janeiro, rua São Francisco Xavier 524, Rio de Janeiro, Brazil
k Collège de France, Lab. de Physique Corpusculaire, IN2P3-CNRS, F-75231 Paris cedex 05, France
l CERN, CH-1211 Geneva 23, Switzerland
m Institut de Recherches Subatomiques, IN2P3-CNRS/ULP-BP20, F-67037 Strasbourg cedex, France
n Now at DESY-Zeuthen, Platanenallee 6, D-15735 Zeuthen, Germany
o Institute of Nuclear Physics, N.C.S.R. Demokritos, PO Box 60228, GR-15310 Athens, Greece
p FZU, Institute of Physics of the C.A.S. High Energy Physics Division, Na Slovance 2, CZ-180 40, Praha 8, Czech Republic
q Dipartimento di Fisica, Università di Genova and INFN, Via Dodecaneso 33, I-16146 Genova, Italy
r Institut des Sciences Nucléaires, IN2P3-CNRS, Université de Grenoble 1, F-38026 Grenoble cedex, France
s Helsinki Institute of Physics and Department of Physical Sciences, PO Box 64, FIN-00014 University of Helsinki, Finland
t Joint Institute for Nuclear Research, Dubna, Head Post Office, PO Box 79, RU-101 000 Moscow, Russian Federation
u Institut für Experimentelle Kernphysik, Universität Karlsruhe, Postfach 6980, D-76128 Karlsruhe, Germany
v Institute of Nuclear Physics PAN, Ul. Radzikowskiego 152, PL-31142 Krakow, Poland
w Faculty of Physics and Nuclear Techniques, University of Mining and Metallurgy, PL-30055 Krakow, Poland
x Université de Paris-Sud, Lab. de l’Accélérateur Linéaire, IN2P3-CNRS, Bât. 200, F-91405 Orsay cedex, France
y School of Physics and Chemistry, University of Lancaster, Lancaster LA1 4YB, UK
z LIP, IST, FCUL-Av. Elias Garcia, 14-1◦, PT-1000 Lisboa Codex, Portugal
aaDepartment of Physics, University of Liverpool, PO Box 147, Liverpool L69 3BX, UK
ab Department of Physics and Astronomy, Kelvin Building, University of Glasgow, Glasgow G12 8QQ, UK
ac LPNHE, IN2P3-CNRS, Univ. Paris VI et VII, Tour 33 (RdC), 4 place Jussieu, F-75252 Paris cedex 05, France
ad Department of Physics, University of Lund, Sölvegatan 14, SE-223 63 Lund, Sweden
aeUniversité Claude Bernard de Lyon, IPNL, IN2P3-CNRS, F-69622 Villeurbanne cedex, France
af Dipartimento di Fisica, Università di Milano and INFN-MILANO, Via Celoria 16, I-20133 Milan, Italy
ag Dipartimento di Fisica, Università di Milano-Bicocca and INFN-MILANO, Piazza della Scienza 2, I-20126 Milan, Italy
ah IPNP of MFF, Charles University, Areal MFF, V Holesovickach 2, CZ-180 00, Praha 8, Czech Republic
ai NIKHEF, Postbus 41882, NL-1009 DB Amsterdam, The Netherlands
aj National Technical University, Physics Department, Zografou Campus, GR-15773 Athens, Greece
ak Physics Department, University of Oslo, Blindern, NO-0316 Oslo, Norway
al Departamento de la Fisica, Universidad Oviedo, Avda. Calvo Sotelo s/n, E-33007 Oviedo, Spain
am Department of Physics, University of Oxford, Keble Road, Oxford OX1 3RH, UK
342 DELPHI Collaboration / Physics Letters B 634 (2006) 340–346
tegrated
productan Dipartimento di Fisica, Università di Padova and INFN, Via Marzolo 8, I-35131 Padua, Italy
ao Rutherford Appleton Laboratory, Chilton, Didcot OX11 OQX, UK
ap Dipartimento di Fisica, Università di Roma II and INFN, Tor Vergata, I-00173 Rome, Italy
aq Dipartimento di Fisica, Università di Roma III and INFN, Via della Vasca Navale 84, I-00146 Rome, Italy
ar DAPNIA/Service de Physique des Particules, CEA-Saclay, F-91191 Gif-sur-Yvette cedex, France
as Instituto de Fisica de Cantabria (CSIC-UC), Avda. los Castros s/n, E-39006 Santander, Spain
at Institute for High Energy Physics, Serpukov PO Box 35, Protvino, Moscow Region, Russian Federation
au J. Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia
av Laboratory for Astroparticle Physics, Nova Gorica Polytechnic, Kostanjeviska 16a, SI-5000 Nova Gorica, Slovenia
aw Department of Physics, University of Ljubljana, SI-1000 Ljubljana, Slovenia
ax Fysikum, Stockholm University, Box 6730, SE-113 85 Stockholm, Sweden
ay Dipartimento di Fisica Sperimentale, Università di Torino and INFN, Via P. Giuria 1, I-10125 Turin, Italy
az INFN, Sezione di Torino and Dipartimento di Fisica Teorica, Università di Torino, Via Giuria 1, I-10125 Turin, Italy
ba Dipartimento di Fisica, Università di Trieste and INFN, Via A. Valerio 2, I-34127 Trieste, Italy
bb Istituto di Fisica, Università di Udine, I-33100 Udine, Italy
bc Univ. Federal do Rio de Janeiro, CP 68528 Cidade Univ., Ilha do Fundão, BR-21945-970 Rio de Janeiro, Brazil
bd Department of Radiation Sciences, University of Uppsala, PO Box 535, SE-751 21 Uppsala, Sweden
be IFIC, Valencia-CSIC, and D.F.A.M.N., U. de Valencia, Avda. Dr. Moliner 50, E-46100 Burjassot (Valencia), Spain
bf Institut für Hochenergiephysik, Österr. Akad. d. Wissensch., Nikolsdorfergasse 18, A-1050 Vienna, Austria
bg Institute Nuclear Studies and University of Warsaw, Ul. Hoza 69, PL-00681 Warsaw, Poland
bh Fachbereich Physik, University of Wuppertal, Postfach 100 127, D-42097 Wuppertal, Germany
Received 27 July 2005; accepted 20 January 2006
Available online 6 February 2006
Editor: M. Doser
Abstract
The pseudoscalar mesonηb has been searched for in two-photon interactions at LEP II. The data sample corresponds to a total in
luminosity of 617 pb−1 at centre-of-mass energies ranging from 161 to 209 GeV. Upper limits at a confidence level of 95% on the
Γγγ (ηb) × BR(ηb) are 190, 470 and 660 eV/c2 for theηb decaying into 4, 6 and 8 charged particles, respectively.









Two-photon collisions are very useful in searching for
formation of pseudoscalar mesons withJ PC = 0−+. The high
energy and high luminosity of LEP II are additional motivatio
to look for thebb̄ pseudoscalar quarkonium stateηb which has
not yet been discovered[1,2].
Its mass,mηb , is estimated by several theoretical mod
[3]. It should lie below that of theΥ vector meson (mΥ =
9.46 GeV/c2) and the mass shift,m = mΥ − mηb , is esti-
mated to be in the range 10 to 130 MeV/c2.
The cross-section for two-photon resonanceR formation
with C = +1



















) = 8π(2JR + 1) · Γγγ (R) · F 2(q21, q22)
× ΓR
(W2 − m2R)2 + m2RΓ 2R
.
HereLγγ (W2) is the two-photon luminosity function,W is the
two-photon centre-of-mass energy,q21 andq
2
2 are the square
of the virtual-photon four-momenta. The resonanceR is char-
acterised by its spinJR , massmR , total widthΓR and its two-
photon partial widthΓγγ (R). In “quasi-real” (q2 ∼ 0) photon
interactions, the form factorF 2(q21, q
2
2) is constant and can b
taken to be unity.
To compute theηb production cross-section, the part
width Γγγ (ηb) must be known. Theoretical estimates[5] pre-
dict it to be in the range 260 to 580 eV/c2. Setting mηb
to 9.4 GeV/c2 leads to an expected production cross-sec
σ(e+e− → e+e−ηb) of 0.14 to 0.32 pb at√s = 200 GeV.
Most of the observations ofηc decays have been to fou
charged particles, both pions and kaons[6]. Hence theηb has
been similarly searched for in 4, 6 and 8 charged particle
nal states. The expected backgrounds come from theγ γ → qq̄
processes and theγ γ → τ+τ− channel.
From the ALEPH experiment, upper limits onΓγγ (ηb) ×
BR(ηb) [1] are:
Γγγ (ηb) × BR(ηb → 4 charged particles) < 48 eV/c2,












































leΓγγ (ηb) × BR(ηb → 6 charged particles) < 132 eV/c2.
The L3 experiment, looking forηb in the decay modesηb →
K+K−π0, π+π−η, 2, 4 and 6 charged particles (only or a
sociated with oneπ0), observes 6 candidate events with 2
background events expected. This corresponds to a comb
upper limit onΓγγ (ηb) × BR(ηb) [2]:
Γγγ (ηb) × BR(ηb → analysed channels) < 200 eV/c2.
In this Letter we report on the search forηb in the reaction
e+e− → e+e−γ ∗γ ∗ → e+e−ηb
















Here the chargedK ’s in parentheses indicate that a pair of pio
may be replaced by a pair of kaons with net zero strangene
2. Experimental procedure
The analysis presented here is based on the data taken
the DELPHI detector[7,8] in 1996–2000, covering a range
centre-of-mass energies from 161 to 209 GeV (average ce
of-mass energy: 195.7 GeV). The selected data set corresp
to the period when the Time Projection Chamber (TPC)
fully operational thus ensuring good particle reconstruct
This requirement reduces the integral luminosity for the an
sis to 617 pb−1.
For quasi-real photon interactions, the scattered e± ar emit-
ted at very small polar angles. Hence there is no requireme
detecting them.
The e+e− → e+e−ηb candidate events are selected by
quiring final states with 4, 6 or 8 tracks with zero net char
Charged-particle tracks in the detector are accepted if the
lowing criteria are met:
• particle transverse momentumpT > 150 MeV/c;
• impact parameter of a track transverse to the beam
∆xy < 0.5 cm;
• impact parameter of a track along the beam axis∆z <
2 cm;
• polar angle of a track 10◦ < θ < 170◦;
• track lengthl > 30 cm;
• relative error of the track momentump/p < 30%.
No K0S reconstruction is attempted on each track pair. T
identification of other neutral particles is made using calorim
ter information. The calorimeter clusters which are not ass
ated to charged-particle tracks are combined to form the sig
from the neutral particles (γ,π0,K0L,n). A minimum measured
energy of 1 GeV for showers in the electromagnetic calori
ters and 2 GeV in the hadron calorimeters is required.


















• no particle is identified as an electron or a muon by
standard lepton-identification algorithms[9];
• no particle is identified as a proton by the standard iden
cation algorithm[9];
• there are no electromagnetic showers with energyEshower>
1 GeV or convertedγ ’s with energyEγ > 0.2 GeV in the
event.
To ensure that no particle from theηb decay has escaped dete
tion, the square of the total transverse momentum of cha
particles,(
∑ pT )2, is required to be small. The actual cut val
is estimated from a Monte Carlo sample ofηb events produced
in γ γ interactions. In this simulation the kinematical variab
are generated using the algorithms developed by Krasem
et al. [10]. It is also assumed that the production amplitu
factorizes into the quasi-real transverse photon flux and a
variant amplitude describing both theηb production and deca
[11]. The ηb → (4,6,8) charged-particle decay processes
assumed to be described by the phase-space momenta
bution. The generated events are passed through the sta
DELPHI detector simulation and reconstruction programs[8].
The same selection criteria are applied on the simulated ev
as on the data. Finally, an event is accepted on the basis o
trigger efficiency. Parametrized for a single track, as a fu
tion of its transverse momentumpT , it ranges from 20% for
pT < 0.5 GeV/c to about 95% atpT > 2 GeV/c [12]. Due to
the high mass of theηb resonant state and relatively large nu
ber of tracks in the final state, the overall trigger efficiency
event is about 93.6%, 94.5% and 94.6% for events with
and 8 charged particles, respectively.
Fig. 1 shows, in the visible invariant-mass interv
8 GeV/c2 < Wvis < 10 GeV/c2, the fraction of remaining
Fig. 1. Efficiency of selectedηb Monte Carlo events of the 4 charged-partic
channel, as a function of the cut(
∑ pT )2 < P 2T , in the ηb search region:
8 GeV/c2 < Wvis < 10 GeV/c
2.



































ionsevents as a function of a cut,P 2T , on(
∑ pT )2, for the 4 charged
particle channel. It decreases rapidly forP 2T < 0.1 GeV
2/c2.
Hence to preserve the statistics, 4, 6 charged-particle ev
with (
∑ pT )2 up to 0.08 GeV2/c2 and 8 charged-particl
events with(
∑ pT )2 up to 0.06 GeV2/c2 were kept.
The π/K identification is based on the TPCdE/dx and
RICH [13] measurements which are used both separa
and combined, in order to check the consistency, in a ne
network-based algorithm[14]. In theηb search region define
as 8 GeV/c2 < Wvis < 10 GeV/c2, the averageK± identifica-
tion efficiency is about 54% and the purity is 82%. The misid
tification of charged pions as kaons is about 1.5%. After ap
cation of the selection criteria and requiringWvis > 5 GeV/c2,
the 4, 6 and 8 charged-particle data samples contain 173
and 113 events, respectively.
The main background comes from inclusiveγ γ → qq̄ chan-
nels. This background is estimated using a Monte Carlo sa
generated with the PYTHIA 6.143 program[15].
The possible contamination of the e+ − → e+e−τ+τ−
process is given special attention. To reduce it in theγ γ → 4π
Fig. 2. Difference between reconstructed and generatedWvis values for the se-








channel where it is most important, events of topology 1–3 w
respect to the hemispheres defined by the thrust axis comp
in the 4π centre-of-mass system and with an invariant mas
each hemisphere, smaller than 1.8 GeV/c2, are discarded. Onl
(1.0± 0.3)% ofηb events are eliminated by this cut.
The mass resolution in the search region has been estim
from the Monte Carlo sample ofγ γ → qq̄ interactions. It is
about 200 MeV/c2 FWHM for all topologies, as shown o
Fig. 2 for the 4 charged-particle events. We have chose
search for a possible signal in± one mass resolution interv
around the predicted mass of 9.4 GeV/c2.
3. Results
The visible invariant-mass spectra of the selected event
presented inFig. 3. When an event has an odd number ofK±,
the kaon mass is assigned sequentially to the other particl
opposite charge and theWvis mass is simply taken as the a
erage of the various mass combinations. The resulting m
shift, averaged over the 4, 6 and 8 particle samples, is a
120 MeV/c2 in theηb search region.
The distributions are well reproduced by theγ γ → qq̄
Monte Carlo simulation. Theηb candidates are expected
show up in the 9.2 to 9.6 GeV/c2 mass region.
Table 1 gives the number of 4, 6 and 8 charged-part
events in the 9.2 to 9.6 GeV/c2 mass region, together wit
the number of expected background events computed ta
into account the overall reconstruction and selection efficie
Among the 3 observedηb candidates only the event with
charged particles contains one identified kaon.
In the search for rare processes with a few observed ev
that may be compatible with background, an upper limit for
signalS can be derived considering a Poisson process w











HereP(k|x) is the Poisson probability ofk events being ob
served, whenx are expected; CL is a confidence level,n is the
number of observed events. The probability-density funct
for the backgroundg(b) and the efficiencyf (ε) are assumed
to be Gaussian and restricted to the range whereb and ε are
positive.Table 1
Number of observed 4, 6 and 8 charged-particleηb candidates (Nobs), expected background events (Nbkg), 95% C.L. upper limits for signal events (Nev), overall
efficiency and 95% C.L. upper limits onΓγγ (ηb) × BR(ηb)
ηb decay modes
4 ch. tracks (Nbkg) 6 ch. tracks (Nbkg) 8 ch. tracks (Nbkg)
Nobs (9.2 < Wvis < 9.6 GeV/c
2) 0 (1.2) 2 (1.1) 1 (1.5)
Nev 3.9 5.7 4.1
(95% C.L. upper limit)
Overall efficiency 5.9% 3.5% 1.8%
Γγγ (ηb) × BR(ηb), eV/c2 190 470 660
(95% C.L. upper limit)
DELPHI Collaboration / Physics Letters B 634 (2006) 340–346 345Fig. 3. Invariant-mass distributions of selected events for 4, 6 and 8 charged-particle final states. Points with error bars are from the data; histograms present the





















9/Upper limits at the 95% confidence level were calculated
each channel and a limit onΓγγ (ηb) × BR(ηb) could then be
derived. The values are quoted inTable 1.
We considered as main sources of systematic uncertain
the statistical error of the background, the generator used
the ηb signal and the theoretical uncertainties of theηb para-
meters. The limited statistics of our Monte Carlo event sam
introduces relative uncertainties of 3%, 5%, 4% for the chan
with 4, 6 and 8 charged particles, respectively. To appreciat
influence of the generators, we have used PHOT02[1,17]which
generatesηb events decaying into two gluon-jets. The relat
differences in efficiency are of 24%, 11.4% and 6.1% for th
6 and 8 charged particles channels. Varying theηb mass within
the range of 9.33–9.45 GeV/c2 generates a relative uncertain
of 2.5% onNev, for each consideredηb decay channel. Th
three kinds of uncertainties were added quadratically to ob
the upper limits quoted inTable 1.
4. Conclusions
The pseudoscalar mesonηb has been searched for throu
its decays to 4, 6 and 8 charged-particles in two-photon










integrated luminosity of 617 pb−1 collected at centre-of-mas
energies ranging from 161 to 209 GeV.
Upper limits at a confidence level of 95% on the prod
Γγγ (ηb) × BR(ηb) are 190, 470 and 660 eV/c2 for the ηb →
(4, 6, 8) charged particle decays, respectively.
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